During the 2-year period July I970 to July I972, balloon atrial septostomy was performed in I2 patients with total anomalous pulmonary venous return, ranging in age from 4 days to I year, and in weight from 2 27 to 6 8o kg. After septostomy, 9 of the I2 patients were improved both clinically and haemodynamically. Of these 9 patients, I died inexplicably I week after the septostomy. In the remaining 8 patients, improvement was maintained during follow-up ranging from 7 months to 2 years. Repeat cardiac catheterization in 4 patients documented continued haemodynamic improvement.
The potential value of balloon atrial septostomy for infants with total anomalous pulmonary venous return, described by Miller et al. (I967) and by Serrato et al. (i968) , has been questioned because of the frequent lack of significant interatrial pressure gradient (Leachman et al., I969; Gathman and Nadas, I970) . The presence of only a small foramen ovale discovered at necropsy in an infant who shortly before her death was denied balloon atrial septostomy on the basis of equal atrial pressures led the authors to the use of the balloon catheter for all infants with total anomalous pulmonary venous return, both to assess the size of the atrial communication and to perform balloon atrial septostomy when feasible. This report discusses the results of the use of the balloon catheter in patients with total anomalous pulmonary venous return over a 2-year period.
Received 29 December I972. 
Subjects and methods
Over the 2-year period July I970 to July 1972, balloon atrial septostomy was performed in i2 of the 20 patients with total anomalous pulmonary venous return who underwent cardiac catheterization at Texas Children's Hospital (Table) . Balloon atrial septostomy was felt to be inadvisable in the other 8 of the 20 patients with total anomalous pulmonary venous return. Of the 8, 5 were over i year of age, i had infradiaphragmatic return, and 2 had large atrial communications as determined by unobstructed withdrawal of a fully inflated balloon across the atrial septum. Of the I2 patients, 2 (Cases i and 2) who had balloon atrial septostomies were described in a previous report (El-Said, Mullins, and McNamara, 1972) .
The diagnosis of total anomalous pulmonary venous return was confirmed by selective angiography in each patient. During each catheterization, effort was made to enter the left atrium, left ventricle, common anomalous pulmonary venous channel, right atrium, right ventricle, pulmonary artery, and pulmonary artery wedge position.
Entry into each of these sites enabled documentation of any pressure gradient between the left and right atrium, between the anomalous pulmonary venous,channel and In some patients, injections were made directly into the common anomalous pulmonary venous channel. The criteria for pulmonary venous obstruction included one or more of the following: (i) pulmonary artery wedge mean pressure IO mmHg higher than right atrial mean pressure, (2) mean pressure in the common pulmonary venous trunk at least IO mm higher than right atrial mean pressure, (3) angiocardiographic evidence of discrete localized obstruction with delayed emptying in the pulmonary venous channels, and (4) infradiaphragmatic return to ductus venosus or to portal vein. The balloon atrial septostomy was performed using the technique of Rashkind and Miller (I966) originally described for patients with transposition of the great arteries. In patients with total anomalous pulmonary venous return, the usual methods of identifying the left atrial position of the balloon catheter by either (i) entering pulmonary veins, (2) Fig. I and 2 ). After balloon 801 atrial septostomy, 9 of the I2 patients (Cases I to 9) 701 were improved clinically, as evidenced by an im-60 ---I provement or alleviation of pulmonary oedema and 50 Pulmonary systolic BP I a decrease in cardiac enlargement (Fig. 3) . In the 9 > 10 patients who improved clinically, the systolic pul-IT monary artery and mean right atrial pressures, as E 9 well as mean right to mean left atrial pressure 8 gradient, had each decreased significantly (Fig. 4) (I968) performed balloon atrial septostomy in I0 infants who were in congestive heart failure and who had no extracardiac pulmonary venous obstruction, obtaining clinical and haemodynamic improvement in most of the patients. In a previous study (El-Said et al., 1972) , it has been documented that patients with total anomalous pulmonary venous return and small foramen ovale may have no pressure gradient across the atrial septum. The absence of pressure gradient in the presence of a small atrial communication is explained by the greater compliance of the right atrium than the left atrium (Cournand et al., I947) which allows a large volume to develop within the right atrium without concomitant high pressure.
In total anomalous pulmonary venous return, pulmonary as well as systemic venous blood returns to the right atrium. The preferential flow is to the right ventricle. Even minor obstruction between the right and left atrium will potentiate this type of preferential flow. In patients with total anomalous pulmonary venous return and inadequate atrial communication, the majority of the circulating blood is sequestered in the lungs, right heart, and large systemic veins. This preferential flow to the right heart often results in suprasystemic pulmonary artery pressure. Balloon septostomy results in an increased blood flow to the left atrium and systemic circulation together with a decrease in pulmonary blood flow producing remarkable clinical and haemodynamic improvement.
Balloon atrial septostomy in infants with total anomalous pulmonary venous return is technically more difficult than in other anomalies because of the relatively small left atrium and the difficulty in determining the actual catheter location in the absence of the usual landmarks of the pulmonary veins. Using a double lumen catheter and injecting a small amount of contrast medium is essential to identify unequivocally the catheter position before the balloon withdrawal. Balloon withdrawal across the atrial septum must be rapid, since the inflated balloon obstructs the entire systemic flow. Serrato et al. (I968) reported a patient with total anomalous pulmonary venous return who died due to rupture of the balloon. However, no complications related directly to the septostomy were encountered in our patients.
Conclusions
A small atrial communication does not necessarily produce an interatrial pressure gradient in patients with total anomalous pulmonary venous return. A balloon catheter should be used routinely in infants with total anomalous pulmonary venous return to measure the size of the atrial communication and to perform septostomy when resistance to balloon withdrawal is encountered. Though balloon atrial septostomy has been performed for relatively older patients, the procedure is most likely to be successful in infants under 3 months of age, in those with large pulmonary flow, and in patients without significant pulmonary venous obstruction. The haemodynamic improvement obtained by successful septostomy in any infant with total anomalous pulmonary venous return may allow delay of operation until a more optimal age. 
